A neuronal tracer, WGA-HRP, was injected into the rat parotid gland (PG), submandibular gland (SMG), and sublingual gland (SLG) to label the superior cervical ganglion (SCG) neurons, and the number, size of soma, dendritic arborization and immunoreactivities (IR) of vasoactive intestinal polypeptide (VIP) and neuropeptide Y (NPY) were investigated. The number and size of neurons projecting into SMG were greater than those of neurons projecting into the PG or SLG. The PG and SLG projecting neurons did not show significant differences in their number and size of soma, even the weight of the SLG was much smaller than the other two glands. The total length of dendrites of the SMG projecting neurons was greater than those of the PG or SLG projecting neurons. PG and SLG projecting neurons showed no significant difference in the total length of their dendrites. PG and SLG projecting neurons with NPY-IR were larger in number than SMG projecting neurons. SLG projecting neurons with VIP-IR were greater in number than neurons projecting into the other two glands. Our results indicate the differences in morphology and neuropeptide immunoreactivities among the SCG neurons which may be due to the differences in the neuronal functions and the participation of neurotrophic factors.
I. Introduction
The three major salivary glands of the rat are often used in research including autonomic regulation, the process of neuronal development in those glands, and histochemical studies of neurotransmitters and neuropeptides [1, 8, 13, 37, 45] . It is generally understood that the salivary secretion of the parotid gland (PG) which is composed almost entirely of serous acini and the submandibular gland (SMG) which is composed of a mixture of serous and mucous acini [31] are controlled by both the sympathetic and parasympathetic nervous systems, and secretion of the sublingual gland (SLG) which is composed of mainly mucous acini appears to be controlled by the parasympathetic nervous system alone [15, 51, 54] . However, the SLG is also innervated by the superior cervical ganglion (SCG) whose nerve fibers distribute around ducts or blood vessels and decrease blood flow in the SLG [48, 52] .
The SCG, which provides sympathetic output to the organs or tissues in the head and neck including the salivary glands has been used as a model for the investigation of neurobiological subjects. In addition to noradrenalin, SCG neurons also contain various neuropeptides including substance P [5-7, 23, 26] , vasoactive intestinal polypeptide (VIP) [21, 22, 24, 25, 32, 53] , neuropeptide Y [21, [32] [33] [34] [35] and so on.
It was reported that the differences in the size and number of the SCG neurons exist among target specific subpopulations including those innervating the salivary glands. For example, SCG neurons that innervate the SMG were shown to be significantly greater in number and size than those that innervate the iris [49] . Soma of sympathetic neurons innervating larger targets are reported to be larger than those that innervate smaller targets, and the animals with larger body weight have larger SCG neurons than those with smaller body weight [18, 42] . Indeed, it was suggested that the terminal arborizations of axons of ganglionic neurons are more extensive in larger animals, and in those larger animals they comprise a larger number of neurons, larger neuronal soma and more arborized nerve terminals [38, 42] .
Even though the size of postganglionic neurons has been reported by many studies as above, some studies have not shown the accurate ratio of SCG neuronal size and target tissue, or their investigations were not based on different target specific subpopulations in the same species [18, 42] .
In this study, we report on the size of soma and dendritic arborization of the rat SCG neurons projecting to the PG, SMG, and SLG to clarify the relationship between the morphometric character and the target size with consideration of the neuropeptide immunoreactivities.
II. Materials and Methods
A total of 27 young adult (2 months old) male SpragueDawley rats weighing 250-300 g were used for these experiments. All procedures of this study were approved by the Institutional Animal Care and Use Committee of Fukui Medical University. The rats were kept in standard laboratory conditions with a constant 12:12 hr light/dark cycle. The animals were caged 2-3 together.
Morphological experiments
Twelve rats were divided into three groups by injection sites: PG, SMG, and SLG. Under anesthesia with sodium pentobarbital (50 mg/kg, i.p.) an area posterior to the ear to the ventral neck was cut and 2.5% WGA-HRP (Toyobo, Tokyo, Japan) solution in 1 M KCl, colored with 0.5% brilliant blue in 0.1 M Tris-HCl buffer, was injected in six points (total of 6 ml via a glass electrode by N 2 gas pressure) (Fig.  1) . To inject into the SMG and SLG, the skin of the ventral neck was cut and the SMG and SLG were freed from fascia and capsules. The WGA-HRP solution was injected into the right SMG at six points (total of 6 ml) and into two points in the SLG (total of 2 ml) (Fig. 1) . When injected into the SLG, it was carefully separated from the SMG to avoid the WGA-HRP solution contaminating the SMG. Forty-eight hours after application of WGA-HRP, the animals were deeply reanesthetized with sodium pentobarbital and perfused transcardially with physiological saline followed by 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). The SCG in the operated side was dissected out and post-fixed with the same fixative for 3 hours at room temperature.
The salivary glands were dissected out to ensure the WGA-HRP did not contaminate the surrounding tissues. The intact salivary glands at the contralateral side of the injection were also dissected out to be weighed.
The SCG was transferred to 20% sucrose in 0.1 M phosphate buffered saline (PBS) overnight at 4°C. The specimens were embedded in 20% gelatin and serial longitudinal frozen sections were made at a thickness of 25 mm with a cryostat. The sections were collected in 0.1 M phosphate buffer and were incubated in 0.02% 3,3'-diaminobenzidine solution (DAB) in 0.1 M Tris-HCl buffer (pH 7.5) with 0.03% H 2 O 2 for 15 min at room temperature to visualize the WGA-HPR. The sections were then rinsed in Tris-HCl buffer and mounted on gelatine-coated slides, dehydrated, and coverslipped with Entellan.
The sections were observed and photographed with a microscope equipped with a digital camera system (AX-80 and DP-50, Olympus, Tokyo, Japan). The number and the diameter of the minor axis of WGA-HRP labeled neurons were calculated using graphic software, Mac SCOPE (Mitani Co., Chiba, Japan) directly on the digital photographs captured beforehand. Only the neurons showing nuclear profiles were used for analysis. The total number of sections obtained from each ganglion was about 35-45. To determine the dendritic arborization, the total length of dendrites and the number of primary dendrites were calculated on three rats using the same operating procedure as above, except that 10% WGA-HRP solution was injected and sections were cut with 50 mm thickness so that a large number of dendrites would be contained in one section. The sections were incubated in Nickel-DAB [36] , because it is more sensitive than DAB and it would be easier to follow even slim dendrites. The dendrites were traced with a microscope equipped with a camera lucida (BH-2-DA, Olympus, Tokyo, Japan). The dendrites were traced as far as possible following the adjoining sections. The figures were then captured using a standard Macintosh computer together with an imaging scanner. The digitalized figures were traced again with Mac SCOPE to determine the total length of the dendrites and the number of primary dendrites.
Immunohistochemical analysis
Twelve animals were used to analyze the neuropeptideimmunoreactivities (IR) in target specific SCG subpopulations. Using the same procedure as morphological experiments, we retrogradely labeled the SCG neurons projecting to each salivary gland with 2.5% WGA-HRP solution. The specimens were frozen on dry ice, and sectioned at 25 mm thickness using a cryostat and mounted on glass slides. The sections were divided into two groups for double staining of WGA-HRP and VIP-IR, or WGA-HRP and NPY-IR.
After sections were dried for one hour at room temperature, they were stained with DAB reaction to visualize the WGA-HRP labeled neurons. Then the sections were processed for indirect fluorescence immunohistochemistry using primary antiserum for VIP (made with rabbit, dilution 1:1,000, Chemicon, CA, USA), or for NPY (made with rabbit, dilution 1:40, Chemicon, CA, USA). As the secondary antibody, Texas Red-labeled anti-rabbit-IgG (dilution 1:200, Vector, CA, USA) was used. The sections were examined with a fluorescence microscope and photographed. Control sections were exposed to primary antisera that had been preabsorbed with an excess amount of the appropriate antigens.
Statistical analyses
Values are means±S.D. Statistical significances of differences were calculated by t-test for unpaired values using statistic software, Stat View. Probabilities of less than 5% were considered significant.
III. Results

Morphological experiments
The weight of the SLG (Mean±S.D.=0.044±0.005 g, n=8) was significantly smaller than the other two glands (p<0.001, Fig. 2 ). PG (0.25±0.01 g, n=8) and the SMG (0.29± 0.03 g, n=8) showed no significant difference in weight (Fig. 2) .
The density of DAB reaction of neurons from the PG and SLG was weaker than that from the SMG despite the administration of the same volume of WGA-HRP solution. The neurons projecting to three targets were observed throughout the ganglion, although the majority of neurons were localized in the caudal two thirds of the ganglion.
Many neurons projecting to the SMG had soma with a large and round profile, and the number of neurons was 1,961±219 (Fig. 3) , and the size of the soma of neurons was 24.43±4.12 mm (Fig. 4) . The neurons had 4-7 primary dendrites ( Table 1 ) that widely arborized, and the total length of the dendrites of one neuron was significantly longer (815±208 mm) than those of neurons projecting into the other two glands (Fig. 5, Table 1 ). Dendrites of some SMG projecting neurons also surrounded non-labeled neurons with basket-like formation (Fig. 6) .
Many neurons projecting into the PG or SLG had small and ellipsoidal shaped soma. The number of PG projecting neurons, 855±203 (Fig. 3) , was significantly different from that of SLG projecting neurons (381±148). The size of soma of PG projecting neurons, 16.45±2.87 mm (Fig. 4) , showed no significant difference from that of SLG projecting neu- Fig. 2 . The weight of the three major salivary glands of rats. The parotid gland (PG) and submandibular gland (SMG) did not show a significant difference, but the sublingual gland (SLG) was significantly smaller than the other two glands. n=8 for each gland; *, p<0.001. Fig. 3 . The number of SCG neurons that innervate the PG, SMG, and SLG. All three subpopulations showed significant differences. The number of SMG projecting neurons was the greatest and the number of SLG projecting neurons was the smallest. n=4 for each subpopulation; *, p<0.001; **, p<0.01.
rons, 17.87±3.56 mm. The number of primary dendrites was 3-5 (Table 1) , and the total length of the dendrites of one neuron did not show a significant difference between the PG (316±65 mm) and SLG (276±86 mm) projecting neurons (Fig. 4 , Table 1 ). The dendrites of the PG or SLG projecting neurons with ellipsoidal shaped soma tended to project into longitudinal directions in comparison with the SMG projecting neurons, whose dendrites tended to project in all directions (Fig. 4) .
Peptide immunoreactivities
The percentages of neurons that showed VIP-or NPY-IR in each gland subpopulation are summarized in Table 2 . The findings of the neurons showed that neuropeptide-IR fluctuated widely among animals, especially in the SMG projecting neurons where the VIP-IR was from 0.08 to 5.31%, and NPY-IR was from 1.49 to 47.04%. The data showed no significant difference. Although the percentage of neurons immunoreactive for neuropeptides differed largely among individual animals and the findings were irregular, the PG and SLG projecting neurons had a tendency to show more NPY-IR (31% of the PG, and 27% of the SLG projecting neurons) than the neurons projecting into the SMG. The SLG projecting neurons appeared to include more VIP-IR (6.6%) than the other two glands projecting neurons. Control sections which were exposed to primary antisera that had been preabsorbed with appropriate antigens did not show immunoreactivities for VIP or NPY (Fig. 7) .
IV. Discussion
This study showed the similarity in morphology of the SCG neurons projecting to the PG and SLG, while those two subpopulations were different from the SMG projecting neurons. The size of neurons innervating the SMG was significantly larger than those innervating the PG or SLG, and the number of SMG projecting neurons was also significantly greater than that of the PG or SLG projecting neurons. The ratio of the weight of the SMG and SLG was about 6 to 1, and the ratio of the number of neurons projecting to each salivary gland was about 5 or 6 to 1, respectively. It is not likely that the insufficiency of WGA-HRP injection induced the small number of labeled PG and SLG projecting neurons, because the ratios of the injected amount of WGA-HRP to the weights of the glands were similar. This may suggest that the target volume innervated by a single neuron do not differ between the SMG and SLG. The labeling degree of WGA- Fig. 4 . The size of soma of SCG neurons projecting into the PG, SMG, and SLG. The SMG projecting neurons were significantly larger than those projecting into the PG or SLG. The PG and SLG projecting neurons showed no significant difference. n=3,420 for PG, n=7,844 for SMG, and n=1,527 for SLG; *, p<0.001. HRP for the PG or SLG projecting neurons was weaker than the SMG projecting neurons. This may indicate that the axon innervating the SMG is much thicker and/or more widely arborized than that innervating the PG or SLG. Indeed, the relation between neuronal size and the extension of its axonal terminals was described previously [38, 42] . Several studies showed the possible cause of the differences in neuronal size between target specific populations [20, 42, 47, 48] . Voyvodic [54, 55] demonstrated that increasing the relative target area by partial denervation resulted in a significant increase in the diameter of the SCG neurons, while decreasing the relative target area resulted in a decrease in the diameter of neurons. These findings can be elucidated by the participation of trophic factors derived from target organs. In vivo infusion of the nerve growth factor (NGF) leads to axonal [2, 43] and dendritic branching [3, 50] in adult animals. In addition, the existence of NGF was predicted from its role in supporting the survival of ganglionic neurons [30] , and it was also shown to affect the diameter of neuronal soma [20, 44] and to promote process outgrowths both in vitro [9] [10] [11] [12] and in vivo [20, 44] . Andrews [4] reported that the dendritic geometry of neurons innervating the iris is more complex than that of neurons innervating the SMG, and this finding may correlate with a [28, 47] . The differences in the size of the SCG neurons and the total length of the dendrites in the present study may be due to not only the size of the target or the size of the species [18, 42] , but also to the concentration of NGF or other trophic factors in the target tissues and/or functions of the targets. Although the functional differences in the variable size of neuronal soma is not well understood, it was reported that neurons with larger soma and more extensive dendritic arborization receive a greater number of neuronal inputs than those with smaller soma and poor dendritic arborization [40, 41] . Furthermore, the number of presynaptic axons innervating each sympathetic neuron is proportional to the number of primary dendrites [39] . It was reported that axotomy of sympathetic neurons causes significant dendritic atrophy [57] .
In the present study, some SMG projecting neurons showed dendrites that surrounded non-SMG-projecting neurons making a basket-like formation, while PG or SLG projecting neurons did not. Handa et al. [19] , applying WGA-HRP to the rat eye, cerebral artery and subcutaneous layer of facial skin, reported that most of the SCG neurons innervating the subcutaneous tissue or submucosal layer showed a close association with NADPH-diaphorase positive preganglionic nerve terminals and approximately one-third of these labeled neurons were encircled by dense basket-like pericellular terminals. These NADPH-diaphorase positive nerve terminals may have a close relationship with the present observations.
On the other hand, nerve fibers innervating salivary glands are known to contain many neuropeptids including NPY and VIP. NPY acts as a vasoconstrictor [35] directly on the vasculature or modulates the effect of noradrenalin [14] . In the PG, most fibers with NPY-IR around blood vessels are of non-sympathetic origin [29] . The perivascular and most of the periductal fibers with NPY-IR are of sympathetic origin, and the majority of the periacinar fibers with VIP-IR are of non-sympathetic origin [17] . Schults et al. [46] reported that the fibers with NPY-IR around the acini in the SLG were distributed in a similar pattern to those in the PG, while those fibers were much less in the SMG than in two other glands, and they also reported that fibers with NPY-IR around blood vessels in the SMG and SLG originated from the SCG. The NPY was shown to be co-localized with VIP in the PG [17, 29] .
Takai et al. reported that the nerve fibers with VIP-IR were observed richly around acini in the SMG, but only a few were around acini of the SLG, while those fibers were rich around the striated ducts in both SMG and SLG [51] . VIP and NPY are both secretagogues, and some of those peptides are transported from the SCG to salivary glands through the external carotid nerve [46] and others originate within the glands [16] . Takai et al. showed that the sympathetic stimulation evoked salivary secretion from the SMG but not from the SLG. They also reported that exogenous VIP increased the concentration of proteins in saliva from the SMG but not the amount of saliva secretion, while VIP did not affect either saliva secretion nor protein concentration in saliva from the SLG [51] . The SCG neurons projecting to those three salivary glands must have many different functions, such as salivary secretion, control of protein content in saliva and blood flow in the glands. The percentage of neurons with VIP-IR or NPY-IR projecting into the three major salivary glands in our study were not constant and this was also common in previous studies: 0.9% of SMG projecting neurons contain VIP [27] , 57% and 26% of SMG projecting neurons contain VIP and NPY, respectively [56] , and 8% of SMG projecting neurons contain NPY [4] . These disparities may come from the differences in the total system of immunohistochemical procedures. Moreover, Wright et al. reported the percentage of SMG projecting neurons with VIP-IR was significantly greater in males than in females, while the percentage of SMG-projecting neurons with NPY-IR did not show a gender difference [56] . It may be necessary to increase the number of cases to obtain clear results concerning the peptide content in SCG neurons, and they might really differ widely among animals because of their environmental, gender, or just individual differences.
In conclusion, the findings of the present study showed significant differences in the size, number, and dendritic arborization among subpopulations of SCG neurons projecting into three major salivary glands in the rat. The differences in morphology and neuropeptide immunoreactivities among the neurons projecting into the three major salivary glands may be due to the differences in the neuronal functions and the participation of neurotrophic factors.
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